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Abstract  
There is substantial disagreement among published epidemiological studies regarding environmental risk 
factors for Parkinson’s disease (PD). Differences in the quality of measurement of environmental exposures 
may contribute to this variation. The current study examined the test–retest repeatability of self-report data on 
risk factors for PD obtained from a series of 32 PD cases recruited from neurology clinics and 29 healthy sex-
, age-and residential suburb-matched controls. Exposure data were collected in face-to-face interviews using a 
structured questionnaire derived from previous epidemiological studies. High repeatability was demonstrated 
for ‘lifestyle’ exposures, such as smoking and coffee/tea consumption (kappas 0.70–1.00). Environmental 
exposures that involved some action by the person, such as pesticide application and use of solvents and 
metals, also showed high repeatability (kappas>0.78). Lower repeatability was seen for rural residency and 
bore water consumption (kappa 0.39–0.74). In general, we found that case and control participants provided 
similar rates of incongruent and missing responses for categorical and continuous occupational, domestic, 
lifestyle and medical exposures.  
Keywords: Parkinson’s disease; Data quality; Test–retest repeatability; Environmental exposures; 
Questionnaires; Exposure assessment  
 
1. Introduction  
Since, the discovery of a Parkinsonian syndrome induced by the chemical MPTP1, the search for 
environmental risk factors for Parkinson’s disease (PD) has returned mixed results. Epidemiological studies 
have, to varying extents, implicated exposures such as pesticides, solvents, neurotoxic metals, well-water 
consumption, and rural residency2,3. Of these exposures, pesticides have most frequently returned a positive 
association, though not consistently. The most consistent finding in PD research remains the inverse 
relationship between the disease and tobacco smoking4.  
Exposure assessment relying on recall may be particularly problematic in patients with PD, due to the 
specific characteristics of this population. Firstly, prevalence of PD increases with age, increasing from 0.6% 
in persons aged 65–69 to 2.6% in those aged 70–80 years5. Declining data quality with increasing age has 
been observed in self-report data from research involving general populations6. Secondly, the onset of PD is a 
slow and insidious process commencing some time prior to development of noticeable motor symptoms7,26,27. 
Therefore, exact timing of exposures in relation to PD onset may be difficult to establish, or recall as to 
whether an exposure occurred prior to, or after the commencement of the disease process. Thirdly, cognitive 
dysfunction is a recognised feature of PD. Unfortunately, the majority of exposures assessed by researchers in 
this field are not verifiable against reliable external measures, such as accurate records of pesticide use. Most 
of the epidemiological research to date has relied on self-report. Given the potential for poor data quality to 
influence the results of epidemiological research, it is surprising that few studies have investigated the quality 
of environmental exposure data.  
Only two published test–retest repeatability studies of risk factor questionnaires for Parkinson’s disease 
could be identified8,9. Both of these surveys obtained information on demographics, medical history, places of 
residence, and occupations. Butterfield et al.’s8 study recruited only 11 participants of unknown case status. 
Seven of the participants completed the repeat questionnaire, which was mailed only 2 weeks after the first 
questionnaire was completed. Another limitation of this study was the use of an abridged questionnaire in the 
repeatability study, rather than the full questionnaire that was to be used in the case-control study. Whilst the 
authors’ report high kappa statistics for many variables, they do not mention which variables these relate to 
and fail to report the numbers of exposed individuals in their sample for these variables. A sample size of 
only seven is unlikely to be sufficient to establish repeatability for many exposures that have low rates in the 
general community.  
The study by Reider and Hubble9 involved 22 participants (11 pairs of twins discordant for PD), though 
only 20 participants completed the self-administered retest. This study also had many limitations. The authors 
report an ‘overall’ kappa statistic of 0.88 for their 23 item risk factor questionnaire, however, this figure 
appears to be overestimated as lower kappas (0.75) are reported for some individual items. Whilst the authors 
report 100% agreement in responses for ‘pesticide exposure’, they omit to report the number exposed in the 
sample and sufficient details as to how this variable was measured. Whilst some previous case-control studies 
have mentioned the inclusion of a retest to assess repeatability of the measures2,3,10–13, most only involved a 
small number of participants or did not report results.  
The purpose of this study was to examine the repeatability of a range of measurements of environmental 
and lifestyle exposures that are commonly used in PD research.  
 
2. Methods  
2.1. The participants  
Forty eligible potential participants with PD were identified from a previous genetic study14. These 
participants were a purposive sample recruited from a private neurology clinic and a public hospital-based 
neurology clinic, in Brisbane. Their prior research participation involved donation of 10 mL of blood by 
venipuncture for genetic analysis and completion of a brief self-administered questionnaire approximately 1–
2 years prior to recruitment into the current study. All patients resided in the greater Brisbane area and had 
been previously examined by a neurologist (PS), who confirmed the diagnosis of PD. These selected 
participants were similar to the entire case series, who were recruited for a case-control study, in terms of 
gender, marital status, age at interview and age at diagnosis (p>0.05).  
Letters of invitation to participate in the current study were posted to all of these identified individuals. 
Two letters were returned stamped ‘Not known at this address’. One declined to participate due to illness and 
two refused to participate without stating a reason. This left a sample of 35 recruited PD cases.  
Thirty-five healthy controls matched to the cases on the parameters of age (±2 years), sex and residential 
suburb were selected from the Australian Commonwealth Electoral Roll by simple random sampling. 
Enrolment is compulsory for Australian citizens who are 18 years or over. Suitable controls were not found 
for two of the cases. A further seven controls were recruited by the same procedure due to follow-up 
interviews not being possible for some of the original controls. Informed written consent was obtained from 
all participants prior to participation in the study, as approved by the Human Research Ethics Committees of 
Queensland University of Technology, University of Queensland and the Princess Alexandra Hospital. 
Repeat face-to-face interviews were conducted with 32 of the cases and 29 of the controls, a median of 65 
days later (range 40–251 days).  
 
2.2. The questionnaire  
Exposure data were collected in face-to-face interviews with a new questionnaire derived from questions 
used in previous epidemiological studies15,16. The length of the interview took between 45 min and 1½ h, with 
the majority lasting for 1 h. The same questionnaire was used in the initial and repeat interviews. Details 
relating to residential history, such as type of drinking water, were obtained for each residence on a residence-
by-residence basis. At the broadest level of response, ‘Ever/Never’ variables were constructed as a composite 
of questions for multiple residence and farm data. For example, from questions about drinking water supply, 
living on a farm, type of livestock or crop raised on the property, and proximity of residence to an agricultural 
area that had been sprayed with pesticides, a composite variable was coded NEVER if the respondent 
answered ‘no’ for the question for all residences/farms and EVER if the respondent answered ‘yes’ for any 
residence/farm. Where a question was not applicable due to a previous NO response, the question was coded 
as ‘no’. Information about years of exposure and frequency of exposure was collected for specific activities 
such as mixing and applying herbicides, insecticides and fungicides, using solvents, working with metals, 
smoking and consumption of tea, coffee and alcohol. Where possible, we obtained the names of the specific 
chemicals used.  
In addition to the exposures of interest to PD aetiology, a number of ‘dummy’ exposures relating to 
asbestos and electromagnetic radiation were included to check for consistent over-reporting of exposure by 
case participants, which may be indicative of recall bias. These ‘dummy’ exposures are unlikely to be 
relevant to PD aetiology, but are generally viewed as ‘toxic’ by the public.  
 
2.3. Statistical methods  
For all variables the proportion in exact agreement was calculated. For categorical variables, Cohen’s 
kappa coefficient (a measure of agreement beyond chance) was calculated17. Weighted kappas were 
calculated for ordinal data using Cicchetti–Allison weights18. For continuous variables, intraclass correlation 
coefficients (ICC)19, the mean of the differences between responses on the initial and repeat interviews and 
the ‘limits of agreement’ were calculated20. Qualitative interpretation of kappa and ICC values were taken as 
‘high repeatability’ for values in the range 0.75–1.00, ‘fair to moderate repeatability’ for 0.40–0.74 and ‘low 
repeatability’ for <0.4021. Repeatability statistics and risk estimates were calculated in Microsoft Excel 2000, 
and SAS version 8/Enterprise Guide version 1. 
 
3. Results  
In general, the distributions of demographic variables were similar for cases and controls. Similar 
proportions of cases and controls completed further education in the form of a trade certificate or university 
degree, although fewer cases had completed secondary school (Table 1). Whilst more cases were born in 
Australia than were controls, the majority of cases and controls were Caucasian. Sixty-nine percent of cases 
and 69% of controls had both parents with British (English, Scottish and/or Irish) ancestry, whilst 78% of 
cases and 86% of controls had at least one parent of British ancestry.  
 
Table 1 Characteristics of study participants  
 Cases n = 32 Controls n = 29 
Age, mean (SD)  64.8 (7.7) 66.1  (7.6)  
Sex, n (%)    
Males  19 (59) 17  (59)  
Females  13 (41) 12  (41)  
Education, n (%)    
Did not complete high school 21 (66) 16  (55)  
Completed high school 11 (34) 13  (45)  
Completed trade certificate/degree 22 (69) 17  (59)  
Country of birth, n (%)    
Australia  28 (78) 20  (69)  
Other  4 (22) 9  (31)  
Days between first and second 
interview, median (range)  60 (41–251) 67  (40–142) 
 
The proportion of ‘yes’ (+) and ‘no’ (-) responses recorded at both interviews, number of missing 
responses, percentage agreement and kappa values for dichotomous categorical exposures according to case-
control status are presented in Table 2. 
 Table 2 Response at initial and repeat interview, percent agreement and kappa values for categorical exposures 
according to case status  
Prevalence at first and 
repeat interview 
Exposure 
Case 
status ++ +- -- -+ 
Missing
(%) 
Percent 
agreement 
Kappa (95% 
confidence interval) 
Occupational exposures  
Case 10 0 21 1 0 (0) 0.97 0.93 (0.79–1.00) Worked with metalsa Control 9 1 18 1 0 (0) 0.93 0.85 (0.64–1.00) 
Case 12 0 19 1 0 (0) 0.97 0.93 (0.81–1.00) Used solventsa Control 10 0 18 1 0 (0) 0.97 0.93 (0.78–1.00) 
Case 4 0 28 0 0 (0) 1.00 1.00 (1.00–1.00) Applied herbicides Control 0 1 28 0 0 (0) 0.97 – 
Case 6 0 23 2 1 (3) 0.94 0.82 (0.58–1.00) Applied insecticidesa Control 1 0 28 0 0 (0) 1.00 1.00 (1.00–1.00) 
Case 2 0 30 0 0 (0) 1.00 1.00 (1.00–1.00) Applied fungicides Control 0 0 28 0 1 (3) 1.00 – 
Case 8 1 20 2 1 (3) 0.90 0.77 (0.53–1.00) Skin was sprayed with 
pesticidea Control 10 0 18 1 0 (0) 0.97 0.93 (0.78–1.00) 
Case 8 2 22 0 0 (0) 0.94 0.84 (0.64–1.00) Worked on a farm Control 6 0 20 2 1 (3) 0.90 0.81 (0.56–1.00) 
Case 3 1 28 0 0 (0) 0.97 0.84 (0.54–1.00) Worked on a non-residential 
farm Control 1 2 23 2 1 (3) 0.86 0.25 (0.27–0.78) 
Case 6 2 23 1 0 (0) 0.91 0.74 (0.46–1.00) Worked with asbestos Control 5 0 24 0 0 (0) 1.00 1.00 (1.00–1.00) 
Case 13 0 17 1 1 (3) 0.97 0.93 (0.81–1.00) Worked with EMRa Control 16 2 10 1 0 (0) 0.90 0.78 (0.55–1.00) 
Domestic exposures         
Case 3 0 28 0 1 (3) 1.00 1.00 (1.00–1.00) Did laundry for farm worker Control 1 2 25 1 0 (0) 0.90 0.35 (0.22–0.92) 
Case 15 3 13 1 0 (0) 0.88 0.75 (0.52–0.98) Hobby gardenera Control 19 1 9 0 0 (0) 0.97 0.92 (0.77 –1.00) 
Case 19 2 10 1 0 (0) 0.91 0.80 (0.58–1.00) Used pesticides in home 
gardena Control 26 1 2 0 0 (0) 0.97 0.78 (0.37–1.00) 
Case 27 1 2 0 2 (6) 0.97 0.78 (0.37–1.00) Home treated by pest control 
operator Control 28 0 0 1 0 (0) 0.97 – 
Case 11 5 12 4 0 (0) 0.72 0.44 (0.13–0.75) Lived in a centre of 10,000–
100,000 pop Control 11 2 9 7 0 (0) 0.69 0.39 (0.08–0.71) 
Case 13 1 13 5 0 (0) 0.81 0.63 (0.37–0.89) Lived in a remote centre or 
area Control 13 4 8 4 0 (0) 0.72 0.43 (0.10–0.76) 
Case 14 5 10 3 0 (0) 0.75 0.49 (0.19–0.79) Lived within a mile of a pest-
icide sprayed agricultural area Control 13 1 11 4 0 (0) 0.83 0.66 (0.39–0.92) 
Case 7 1 22 2 0 (0) 0.91 0.76 (0.50–1.00) Lived on a farma Control 8 1 20 0 0 (0) 0.97 0.92 (0.76–1.00) 
Case 7 1 23 1 0 (0) 0.94 0.83 (0.61–1.00) Worked on a home farma Control 6 0 23 0 0 (0) 1.00 1.00 (1.00–1.00) 
Case 7 3 22 0 0 (0) 0.91 0.74 (0.47–1.00) Drank bore water Control 5 3 19 2 0 (0) 0.83 0.55 (0.20–0.90) 
Caseb 10 5 5 0 12 (38) 0.75 0.50 (0.17–0.83) Lived in house containing 
asbestos Control 19 2 6 1 1 (3) 0.89 0.73 (0.44–1.00) 
Case 23 1 4 1 3 (9) 0.93 0.76 (0.44–1.00) Used an electric blanketa Control 22 2 5 0 0 (0) 0.93 0.79 (0.52–1.00) 
Case 7 1 22 1 1 (3) 0.94 0.83 (0.61–1.00) Received an electric shock Control 5 1 22 0 1 (3) 0.96 0.66 (0.36–0.96) 
Case 5 2 22 1 2 (6) 0.90 0.71 (0.39–1.00) Lived close to high voltage 
power lines Control 2 0 25 1 1 (3) 0.96 0.78 (0.37–1.00) 
Lifestyle exposures         
Case 23 0 8 1 0 (0) 0.97 0.92 (0.77–1.00) Drank coffee regularly Control 21 1 5 2 0 (0) 0.90 0.70 (0.39–1.00) 
Case 26 1 5 0 0 (0) 0.97 0.89 (0.68–1.00) Drank tea regularly Control 24 1 3 1 0 (0) 0.93 0.71 (0.33–1.00) 
Case 20 0 11 1 0 (0) 0.97 0.93 (0.80–1.00) Drank alcohol regularlya Control 20 0 9 0 0 (0) 1.00 1.00 (1.00–1.00) 
Case 10 2 19 1 0 (0) 0.91 0.80 (0.58–1.00) Ever smoked regularly a,c Control 17 0 12 0 0 (0) 1.00 1.00 (1.00–1.00) 
Case 20 1 8 2 1 (3) 0.90 0.77 (0.53–1.00) Lived with a smoker 
Control 21 1 3 2 2 (6) 0.89 0.60 (0.19–1.00) 
Case 4 0 24 4 0 (0) 0.88 0.60 (0.26–0.94) Worked in a smoky 
workplace Control 5 3 19 1 1 (3) 0.86 0.62 (0.29–0.95) 
Medical exposures         
Case 6 2 23 1 0 (0) 0.91 0.74 (0.46–1.00) Received a serious head 
injury Control 9 1 17 2 0 (0) 0.91 0.78 (0.54–1.00) 
Case 5 2 24 0 1 (3) 0.94 0.79 (0.53–1.00) Knocked unconsciousa Control 4 1 22 0 2 (7) 0.96 0.87 (0.61–1.00) 
Case 10 0 21 0 1 (3) 1.00 1.00 (1.00–1.00) Played contact sportsa Control 10 0 16 2 0 (0) 0.93 0.85 (0.65–1.00) 
++, ‘yes’ response at first and repeat interviews; +-, ‘yes’ response at first and ‘no’ at repeat interview; --, ‘no’ response at first 
and repeat interviews; -+, ‘no’ response at first and ‘yes’ at repeat interview; EMR, electromagnetic radiation. 
a Exposure recalled with high repeatability (kappa = 0.74) by both cases and controls. 
b More than 10% of responses missing for this exposure. 
c Weighted kappa case 0.90; control 0.93 (never smoked; only smoked once or a few times; only smoked occasionally; smoked 
as often as 1–2/week for >6 months; smoked daily or nearly every day for a >month). 
 
Results for those exposures examined as continuous measures are presented in Table 3. A summary of the 
exposures according to repeatability is presented in Table 4. Occupational exposures were generally recalled 
with higher repeatability than domestic exposures by both cases and controls, though slightly more ‘missing’ 
responses were recorded for occupational exposures, which was mainly due to the inability of many 
participants to recall specific chemicals to which they were exposed in the occupational environment. The 
proportion exposed for the majority of occupational exposures was less than 15%, with only the variables 
‘Worked with Metals’, ‘Used Solvents’ and ‘Worked with Electromagnetic Radiation’ having 30% or higher 
exposure rates. The variable ‘Skin was Sprayed with Pesticide’ also recorded a proportion exposed of 25–
31%, however, this variable also included pesticide spills in the domestic environment. Occupational 
exposure to metal fumes and dusts, solvents and electromagnetic radiation was recalled with high 
repeatability by both cases and controls (kappa 0.78–1.00). Exposure to specific metals and solvents were 
more difficult to measure and resulted in more missing responses. Occupational exposure to herbicides, 
insecticides and fungicides was recalled with very high repeatability by cases when assessed as ever/never 
(kappa 0.82–1.00), or as a continuous measure (years and frequency; ICC 0.92–1.00). However, insufficient 
numbers of controls exposed to occupational pesticides made repeatability indeterminable, for that group.  
Whether or not a participant had gardened for a hobby and number of years spent hobby gardening was 
recalled with high repeatability by cases and controls, as was whether participants had used pesticides in their 
home garden. Differentiation between types of pesticides (herbicides, insecticides and fungicides) used in the 
home garden proved more difficult with only moderate to high repeatability (kappa 0.63–0.92).  
In general, lifestyle exposures were recalled with high repeatability when assessed both as ‘ever/never’ 
(kappa statistic =0.75) and as a continuous measure (ICC=0.75). This was particularly true for behaviours that 
required active participation by the person and were often habitual in nature, such as cigarette smoking or 
coffee drinking. Lower repeatability was seen for very light smoking (only 1–2 cigarettes per week), which 
may have lacked the ‘habitual’ nature that accompanies heavier smoking. Our measures of passive smoking at 
home (living with a smoker) and work (working in a ‘smoky workplace, such as a bar, club or casino’) were 
reproduced with moderate to high repeatability (kappa 0.60–0.77; ICC 0.79–0.88).  
As with the lifestyle exposures, environmental exposures involving active participation by the person, such as 
occupationally applying pesticides and those of a habitual nature, such as hobby gardening were recalled with 
the highest repeatability. In contrast, ‘background’ exposures, such as living within a mile of an agricultural 
area treated with pesticides or type of household drinking water supply, were recalled with only moderate to 
fair repeatability.  
Case and control participants provided similar rates of incongruent and missing responses for categorical 
and continuous occupational, domestic, lifestyle and medical exposures.  
A summary of exposure variables for which both cases and controls recalled with high, moderate and low 
repeatability is presented in Table 4. Similarly, exposure variables for which cases and controls demonstrated 
recall which fell into two different repeatability categories (e.g. high and moderate) are shown in Table 5.  
 Table 3 Comparison of participant responses for continuous exposures at initial and repeat interviews, intraclass 
correlation coefficients and mean of differences  
Exposure Case status 
Perfect 
agreement 
n (%) 
Lower in 
repeat 
interview 
Higher in 
repeat 
interview 
Missing 
n(%) 
ICC (95% 
confidence 
interval) 
Mean of 
differences (limits 
of agreement) 
Occupational exposures  
Cases 25 (81) 1 5 1 (3) 0.85 (0.71–0.93) 1.32(-12.76–15.20) Years worked with 
metalsa Controls 22 (85) 2 2 3 (10) 0.95 (0.90–0.98) -0.50(-7.43–6.43) 
Cases 25 (81) 1 5 1 (3) 0.92 (0.84–0.96) 1.10(-9.83–12.02) Years worked with 
solvents  Controls 22 (81) 0 5 2 (6) 0.68 (0.41–0.84) 3.15(-15.02–21.32) 
Cases 31 (97) 1 0 0 (0) 1.00 (1.00–1.00) 0.03(-0.32–0.39) Years applied 
herbicides at work Controls 28 (97) 1 0 0 (0) 0.00 (-0.37–0.37) 0.07(-0.67–0.81) 
Cases 24 (83) 2 3 3 (9) 0.93 (0.92–0.98) -0.31(-5.50–4.88) Years applied 
insecticides at worka Controls 28 (97) 1 0 0 (0) 0.92 (0.84–0.96) 0.03(-0.34–0.41) 
Cases 30 (94) 1 1 0 (0) 0.96 (0.92–0.98) -0.13(-1.94–1.69) Years applied  
fungicides at work Controls 29 (100) 0 0 0 (0) –  0.00(0.00–0.00) 
Cases 25 (86) 2 2 3 (9) 0.90 (0.80–0.95) -0.03(-3.03–2.97) Years worked  
with asbestos  Controls 25 (86) 1 3 0 (0) 0.42 (0.06–0.68) 1.27(-12.25–14.78) 
Cases 19 (61) 7 5 1 (3) 0.85 (0.70–0.92) -1.52(-16.72–13.69)Years worked  
with EMR  Controls 18 (62) 7 4 0 (0) 0.61 (0.31–0.80) 0.55(-22.42–23.52) 
Domestic exposures            
Cases 20 (67) 7 3 2 (6) 0.80 (0.62–0.90) 1.03(-24.43–50.92) Years hobby  
gardening  Controls 14 (48) 10 5 0 (0) 0.86 (0.73–0.93) 4.24(-14.83–23.21) 
Casesb 16 (59) 8 3 5 (16) 0.89 (0.76–0.95) 2.30(-12.24–16.83) Years applied  
herbicides at home Controlsb 9 (53) 6 2 12 (41) 0.79 (0.50–0.92) 3.24(-12.55–19.02) 
Caseb 14 (54) 5 7 6 (19) 0.86 (0.71–0.94) -1.27(-13.20–10.66)Years applied 
insecticides at home Controlsb 13 (65) 4 3 9 (31) 0.72 (0.41–0.88) 3.05(-16.16–22.26) 
Caseb 24 (86) 1 3 4 (13) 0.90 (0.80–0.95) -0.93(-7.92–6.06) Years applied 
fungicides at home Controlsb 21 (88) 0 3 5 (17) 0.51 (0.13–0.76) -2.50(-18.10–13.10)
Caseb 17 (74) 4 2 9 (28) 0.57 (0.21–0.80) -1.09(-10.58–8.41) Years living in a 
large rural centre Controlsb 15 (71) 3 3 8 (28) 0.93 (0.83–0.97) 0.10(-4.19–4.38) 
Caseb 14 (61) 5 4 9 (28) 0.78 (0.54–0.90) 0.48(-12.90–13.85) Years living in a 
small rural centre Controlsb 15 (71) 3 3 8 (28) 0.45 (0.02–0.74) -0.24(-14.08–13.60)
Caseb 19 (83) 3 1 9 (28) 0.93 (0.83–0.97) 0.43(-9.85–10.72) Years living in a 
remote area  Controlsb 13 (62) 2 6 8 (28) 0.21 (-0.24–0.59) 2.71(-11.23–16.66) 
Years living  Cases 25 (83) 2 3 2 (6) 0.93 (0.86–0.97) 0.66(-10.81–12.12) 
on a farma Controls 22 (81) 2 3 2 (6) 0.99 (0.98–1.00) 0.18(-1.71–2.07) 
Caseb 20 (83) 4 0 8 (25) 0.98 (0.95–0.99) -1.31(-9.17–6.55) Years drank bore 
water  Controlsb 16 (67) 3 5 5 (17) 0.66 (0.36–0.84) -0.93(-10.31–8.45) 
Caseb 26 (96) 1 0 5 (16) 0.84 (0.68–0.93) -0.37(-4.22–3.48) Years lived near high 
voltage powerlines Controls 26 (93) 1 1 1 (3) 0.32 (-0.06–0.62) 1.11(-19.36–21.57) 
Caseb 11 (39) 11 6 4 (13) 0.64 (0.36–0.82) -8.46(-31.08–14.15)Years using an 
electric blanket  Controls 12 (43) 9 7 1 (3) 0.94 (0.87–0.97) -8.71(-32.17–14.74)
Cases 27 (90) 1 2 2 (6) 0.99 (0.98–1.00) 0.07(-0.83–0.97) Number of electric 
shocks received Controls 24 (92) 2 0 3 (10) 0.21 -0.19–0.55) -0.54(-5.28–4.20) 
           
Lifestyle exposures            
Cases 12 (40) 10 8 2 (6) 0.91 (0.81–0.96) -1.70(-19.40–16.00)Years drank coffeea Controls 8 (30) 7 12 2 (6) 0.88 (0.75–0.94) 1.89(-18.52–22.30) 
Cases 16 (53) 6 8 2 (6) 0.87 (0.74–0.93) 1.41(-21.14–23.95) Years drank teaa Controls 12 (44) 8 7 2 (6) 0.84 (0.68–0.93) 0.67(-22.00–23.33) 
Cases 16 (53) 8 6 2 (6) 0.91 (0.82–0.96) -1.50(-17.91–14.91)Years drank alcohola Controls 19 (70) 6 2 2 (6) 0.99 (0.98–1.00) 0.48(-6.09–7.05) 
Cases 21 (72) 4 4 3 (9) 0.98 (0.97–0.99) 0.23(-5.08–5.54) Pack-yearsa  
Controls 20 (69) 4 5 0 (0) 0.99 (0.98–1.00) 0.31(-4.93–5.56) 
Cases 14 (45) 9 8 1 (3) 0.88 (0.77–0.94) -0.94(-18.63–16.75)Years lived with a 
smokera  Controls 12 (44) 11 4 2 (6) 0.84 (0.68–0.93) -7.79(-32.36–16.78)
Cases 25 (78) 1 6 0 (0) 0.79 (0.62–0.90) 0.83(-8.19–9.84) Years worked in 
smoky workplacesa Controls 20 (71) 4 4 1 (3) 0.79 (0.60–0.90) -1.12(-13.31–11.07)
Medical exposures           
Cases 25 (83) 3 2 2 (6) 0.65 (0.38–0.82) -0.17(-2.21–1.87) Number of  
head injuries  Controls 25 (89) 1 2 1 (3) 0.92 (0.84–0.97) 0.04(-0.63–0.70) 
Cases 25 (81) 5 1 1 (3) 0.99 (0.98–0.99) -0.06(-1.85–1.72) Years played  
contact sportsa Controls 20 (77) 4 2 3 (10) 0.99 (0.98–1.00) -0.15(-1.62–1.31) 
a Exposure recalled with high repeatability (kappa>0.74) by both cases and controls.  
b More than 10% of responses missing for this exposure.  
 
Duration of exposure to residential passive smoke was reported with high repeatability by our sample (ICC 
0.84), though Pron et al.26 report only fair repeatability for this variable (ICC 0.45). Of the environmental 
exposures examined in previous case-control studies of PD, rural residency and well-water consumption have 
yielded the most inconsistent results consistency between studies. Interestingly, we have found these 
variables to have only fair to moderate repeatability in our sample. Likewise, exposures such as smoking, 
coffee abstinence, pesticide exposure, solvent exposure, metal exposure and head injury, which have 
displayed more consistency between studies, demonstrated high repeatability. 
 
Table 4 Summary of variables with non-differential recall between cases and controls  
High recall (kappa/ICC>0.74) 
Pesticides  Applied insecticides at work  Skin was sprayed with pesticide  
 Years applied insecticides at work  Hobby gardener  
 Days per year applied insecticides  Years hobby gardening  
 Applied fungicides at work  Used pesticides at home  
 Years applied fungicides at work  Years applied herbicides at home  
Agriculture  Lived on a farm  Worked on home farm  
 Years living on a farm  Lived on a sugarcane farm  
Metals  Worked with metals  Years worked with metals  
Solvents  Used solvents  Used thinners  
Dummy exposures  Worked with asbestos sheets  Days per week working with EMR  
 Worked with EMR  Used an electric blanket  
Lifestyle  Drank alcohol  Years drank alcohol  
 Ever smoked regularly  Pack years  
 Years drank coffee  Years lived with a smoker  
 Years drank tea  Years worked in smoky workplace  
Medical  Received a serious head injury  Played contact sports  
 Knocked unconscious  Years played contact sports  
Fair to moderate recall (kappa/ICC 0.40–0.74) 
Agriculture  Lived within mile of agricultural area which was sprayed with pesticides 
Years within mile of agricultural 
area which was sprayed with 
pesticides 
Metals  Welding  Soldering  
Residential  Private drinking water supply  Lived in popn centre of 10–100 k  
 Bore water  Lived in a remote centre or area  
Dummy exposures  Switchboard  Electric welder  
Lifestyle  Worked in a smoky workplace   
Low recall (kappa/ICC<0.40)   
Metals  Grinding metal  Aluminium  
 Steel  Copper  
Lifestyle  Lived with smoker who regularly 
smoked in the same room 
Number of cigars per year  
EMR, electromagnetic radiation.  
 
Table 5 Summary of variables with differential recall between cases and controls  
Pesticides  Applied herbicides at work  Years applied insecticides at homea 
 Years applied herbicides at worka  Years applied fungicides at homea  
 Did laundry for a farm workera   
Metals  Worked in vicinity of metal worka  Leada  
Solvents  Worked in vicinity of solventsa  Years worked with solventsa  
Dummy exposures  Years worked with asbestosa  Total days working with asbestosb  
 Years worked with EMRa  Years using an electric blanketb  
 Years living near high voltage linesa Number of electric shocks receiveda  
Residential  Years living in a large rural centreb  Years living in a remote areaa  
 Years living in a small rural centrea  Years drinking bore watera  
Medical  Number of serious head injuriesb   
Lifestyle  Hours/week in a smoky workplaceb   
EMR, electromagnetic radiation.  
a Cases with higher recall than controls.  
b Controls with higher recall than cases. 
 
4. Discussion  
Few published studies of test–retest repeatability for pesticide and other environmental exposures are 
available. Even fewer are available in the context of Parkinson’s disease.  
We obtained high repeatability for various occupational pesticide exposures, including mixing and 
applying herbicides, insecticides and fungicides in our PD cases when measured as ever/never (kappas 0.94–
1.00) and for duration and frequency of use (ICCs 0.73–1.00). These results were higher than those obtained 
by Duell et al.22 in a case-control study of female breast cancer patients and healthy controls for the exposure 
‘Ever applied pesticides to crops’ (kappas 0.75 and 0.63). Likewise, Blair et al.23 only obtained moderate 
kappa statistics in the order of 0.50–0.60 for use of specific pesticides and lower repeatability for specific 
application practices (kappa 0.11–51). Only moderate repeatability was reported for duration and frequency 
of mixing or applying pesticides (weighted kappa: years 0.56, days/year 0.45). We may have obtained higher 
repeatability than Blair et al.23 on these exposures due to a lower number of exposed individuals in our 
sample.  
Our results for repeatability of exposure to agriculture were comparable to those obtained by Duell et al.22. 
Our sample yielded similar kappas (case 0.76, control 0.92) for ‘ever lived on a farm’ as obtained in the 
previous study (case 0.78, control 0.87). However, whilst our results for ‘ever worked on a non-residential 
farm’ and ‘ever laundered clothes for a farm worker’ in control participants (kappas 0.25 and 0.35) were also 
similar to Duell et al. control results (kappas 0.26 and 0.43), our PD cases reported these exposures with 
much higher repeatability (kappas 0.84 and 1.00) than the breast cancer patients (0.15 and 0.53). However, 
this difference may have been due to the lower occurrence of laundering farm worker clothing in our 
community-based study compared to Duell et al. study population which only included participants with a 
history of working or living on a farm.  
Repeatability of the lifestyle exposures, smoking, and coffee and tea consumption compared favourably 
with previous studies23–26. We obtained higher repeatability for a number of variables, including ‘years 
smoked’, ‘lifetime cigarettes smoked’, ‘current coffee-drinker (yes/no)’, and ‘current number of cups of 
coffee drunk per day’ than obtained in a study of bladder cancer cases and controls with benign urological 
conditions27. Our repeatability results for caffeine consumption (regular coffee/tea drinking) and alcohol 
consumption were similar to those obtained in a sample of patients with depressive disorders and healthy 
controls24 and higher than found in a general hospital sample25. The repeatability of our measures of passive 
smoking were similar to those reported by Pron et al.26 for residential environments (kappa 0.66). However, 
slightly higher repeatability was obtained in our sample for occupational passive smoke (kappa 0.62 vs 0.46).  
In general, case participants did not demonstrate lower or higher repeatability or a higher rate of missing 
responses, compared to control participants. Also, among those individual exposures with differential recall 
between cases and controls, no clear pattern was evident, suggesting that differences in recall repeatability 
between cases and controls were random in nature rather than due to systematic differences between cases 
and controls. Such non-differential exposure misclassification is more likely to result in dilution of the 
observed relationship rather than produce spurious associations. This also suggests that any PD-specific 
memory deficits present in the case group were not sufficient to impact substantially on exposure data 
repeatability compared to age-matched controls.  
 
5. Conclusions  
Reliable and valid measurement of environmental exposures is a challenge for epidemiological studies of 
PD aetiology. Our results demonstrate that many exposures of interest to PD aetiology can be measured with 
moderate to high repeatability using the interviewer-delivered questionnaire. Whilst some environmental 
exposures, such as pesticide, solvent and metal exposure demonstrated high repeatability, other exposures 
such as rural residency, and living near areas sprayed with agricultural pesticides showed lower repeatability. 
As such, the repeatability of exposure measurement should be considered in assessment of environmental 
exposures in studies of PD aetiology.  
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